Purpose: This study evaluated the influence of different storage times and storage solutions on the mineral content of enamel. Methods: Ninety enamel slabs were randomly divided into 2 groups of 45: a 45-day group and a 90-day group. Each of these main groups was further sub-divided into 9 experimental groups of 5 slabs, and each sub-group was stored in a different storage solution. The mean percentage weights of 5 elements (calcium, potassium, sodium, phosphorus, and magnesium) presented in each enamel slab was measured after storage using inductively coupled plasmaatomic emission spectrometry. Two-way analysis of variance (ANOVA) and Turkey's honestly significant difference tests were used to analyze differences between the groups. Results: Storage conditions significantly affected the levels of calcium, potassium, sodium, and phosphorus (p < 0.05). Storage procedures can significantly affect the calcium, potassium, sodium, and phosphorus contents of enamel.
Introduction
One of the approaches utilized by clinicians when selecting products to use in clinical practice is to compare their performance, both in vitro and in vivo, in published studies. Some in vitro adhesive studies suggest that 2 factors can affect the mineral content of extracted teeth or enamel specimens: the initial sterilization methods that they are subjected to and the conditions under which they are stored [1] . The conditions under which extracted teeth or enamel specimens are stored are not standardized; storage solutions vary widely, as does the duration of storage [2] .
More than 15 different storage solutions have been routinely utilized for the storage of extracted teeth or enamel samples. These include glutaraldehyde, ethanol, methanol, formalin, neutral buffered formalin, distilled water (DW), DW with thymol, phosphate-buffered saline (PBS), PBS with thymol, sodium hypochlorite, sodium azide, aqueous chloramine, chloramine-T, physiological saline solution, cetylpyridinium chloride, H 2 O 2 , and artificial saliva [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Other storage methods incorporate exposure to steam autoclaving, dry heat, gamma radiation, ethylene oxide, and freezing [1, 5, 12, 15] . Reported storage times range from a few hours to years, and the frequency at which the solution is changed also varies [2, 6, 13, 17] .
Dentin contains 70 wt% mineral content, 20 wt% organic substances, and 10 wt% water. Enamel consists almost exclusively of minerals, which account for 95 wt%, most of which is carbonate apatite. The remaining 5 wt% comprises organic substances (4 wt%) and water (1 wt%) [18] . Because of these differences in structural composition, the effect that any given storage solution has on enamel may differ from the effect that the same solution has on dentin.
The effects that the composition of the storage solution and the duration of storage exert on bond strength have been the focus of numerous studies that have used dentin as the substrate [10, 17] . However, only a few studies have investigated adhesion to enamel [8, 14] . Using bovine enamel, de MeloMaranhão et al. [19] evaluated the influence of 4 of the most commonly used storage solutions (distilled water, artificial saliva, 0.1% thymol, and saline) on enamel substrate over a long storage period (90 days) and monitored morphological surface patterns. They reported that storage solutions may alter the dental enamel substrate and that further studies incorporating longer observation periods are required to elucidate the permeability of enamel [19] .
The aim of this study was to evaluate changes in the calcium [Ca] , potassium [K], sodium [Na], phosphorus [P] , and magnesium [Mg] composition of enamel slabs stored in different solutions and for different durations using inductively coupled plasma-atomic emission spectrometry (ICP-AES).
Materials and Methods
The study protocol described below was reviewed and approved by the relevant ethics committee of the Faculty of Medicine, Gaziantep University, before commencement of the study (protocol number: 05-2009/209).
Preparation of Enamel Slabs
Freshly extracted human upper molar wisdom teeth that were nonerupted were cleaned and then mounted in quadrangular molds in an autopolymerizing acrylic resin (Meliodent; Bayer Dental Ltd., Newbury, UK). Mesiobuccal, distobuccal, and palatinal surfaces of crowns were cut using a diamond saw under water cooling (Isomet; Buehler Ltd., Lake Bluff, IL, Ill, USA), and 3 enamel slabs measuring 2 × 2 × 1 mm were obtained from each tooth. The 90 enamel specimens thus derived were then randomly assigned to 2 groups of 45 specimens. The specimens in 1 group were stored for 45 days, and those in the other group were stored for 90 days (Figure 1) . The teeth within each of these 2 groups were further subdivided into 9 storage solution sub-groups of 5 teeth each. The solutions investigated were DW alone (DW), DW with 0.1% thymol (DW-T), PBS with 0.1% thymol (PBS-T), saline (S), DW with 10% formalin (DW-F), PBSwith 10% formalin (PBS-F), DW with 2% glutaraldehyde (DW-G), PBS with 2% glutaraldehyde (PBS-G), and artificial saliva (AS) ( Table 1 and Figure 1) . Each enamel slab was placed in 2 ml of the assigned storage solution. Specimens were stored in light-proof bottles at room temperature, for either 45 or 90 days. Five teeth constituting the control group were cleaned and stored at −20˚C, and enamel slabs were prepared from these teeth after 45 days. The composition of artificial saliva was 1.5mmol/L CaCl 2 , 8.2 mmol/L NaHCO 3 , 4.8 mmol/L NaCl, 137 mmol/L KCl, and 4 mmol/L KH 2 PO 4 .
ICP-AES Technique
The enamel slabs in each group were removed from their respective storage solutions and stored at 65˚C in a cabinet desiccator (Venticell, Italy) until they reached a pre-determined weight, as measured by an electronic balance (Electronic Balance AX200; Shimadzu Corporation, Japan). Five milliliters of nitric acid (HNO 3 ) and 2 ml of hydrogen peroxide (H 2 O 2 ) were then added to the specimens, and they were heated to 210˚C in a microwave oven (CEM MarsXpress, USA) until they dissolved. The levels of each of the 5 elements under investigation (Ca, K, Na, P, and Mg) were then measured in each specimen using The groups are distilled water with 0.1% thymol (DW-T), phosphate-buffered saline with 0.1% thymol (PBS-T), saline (S), distilled water with 10% formalin (DW-F), phosphate-buffered saline with 10% formalin (PBS-F), distilled water (DW), distilled water with 2% glutaraldehyde (DW-G), phosphate-buffered saline with 2% glutaraldehyde (PBS-G) and artificial saliva (AS).
ICP-AES (Vista AX; Varian, Australia). Each element was measured in triplicate for each sample. The comparative content of each mineral contained therein was calculated in terms of percentage by weight.
Statistical Analyses
Differences between the groups were statistically analyzed by 2-way analysis of variance (ANOVA) and Turkey's honestly significant difference (HSD) tests, and p < 0.05 was deemed to indicate statistical significance. The statistics program SPSS (Version 13) was used for all analyses.
Results
ANOVA indicated that the Ca content of slabs was not affected by storage times (p = 0.384), while it was significantly affected by storage solutions (p < 0.05). There was no interaction between storage solutions and storage times for Ca content (p = 0.168). The K, Na, and P content of enamel was significantly affected by storage solutions and storage times (p < 0.05), and there was significant interaction between the 2 factors for K, Na, and P content (p < 0.05). The Mg content of the slabs was not affected by storage (p > 0.05; Table 2 ). Mean percentage weights and standard deviations of the 5 elements for each group are summarized in Table 3 . The only significant differences in Ca content were between the control group and the DW-G-45 and AS-45 groups (p < 0.05). The only significant differences evident with regard to K content were between the control group and the AS-45 and AS-90 groups (p < 0.05). The K levels of enamel slabs in both AS groups increased significantly (p < 0.05). Storage times had a significant effect on K levels in the AS groups (p < 0.05), which were highest at 45 days. There were significant differences between the groups for Na content (p < 0.05). Na levels were significantly increased after storage in the PBS-F-45, PBS-T-45, and S-45 groups (p < 0.05). Storage times also had a significant effect on Na levels in the groups stored in buffered solutions (PBS-F and PBS-T), saline solution (S), and artificial saliva (AS) (p < 0.05). In these groups, the Na levels had decreased at 90 days, whereas they were high at 45 days. This was not the case for the AS, DW, DW-G, or DW-T groups. No statistically significant differences in Mg content were evident between the groups (p = 0.363).
Discussion
Freshly extracted teeth are the most suitable substrate for in vitro evaluation of adhesive systems. However, to acquire a sufficient number of teeth to enable meaningful research, the teeth must be collected over time. This necessitates storage after extraction. Storage solutions are used to prevent dehydration of teeth, as well as crosscontamination between extracted teeth [14] .
Studies on the effects of storage solutions, storage methods, and storage times have focused on dentin [2, 3, 6, 9, 10, 12, 13, 17] . Only a few studies have been published on the effects of storage conditions on enamel [8, 14, 19] . However, the properties of enamel strongly affect the success or failure of restorative materials [8, 11, 14, 16] . On the basis of our results, we reject the null hypothesis that storage solution and storage time do not affect the compositional structure of enamel. Thus, the storage process may affect the results of in vitro studies. Ziskind et al. [16] evaluated the effects of 0.1% cetylpyridinium chloride (CPC), 0.1% thymol, PBS (positive control), and 3% H 2 O 2 (negative control) on microleakage and the bond strength between resin composite and enamel. The authors reported that the 0.1% CPC, 0.1% thymol, and PBS groups showed no significant difference in shear bond strength or dye penetration at the occlusal margin, and 0.1% CPC elicited greater dye penetration at the cervical margin.
Tosun et al. [14] evaluated the effects of 3 storage solutions (0.1% thymol, 10% formalin, and DW) and 2 storage times (24 hours and 2 months) on the microshear bond strength of a resin composite to enamel. They found that storage times did not affect bond strength. Specimens stored in thymol solution showed the lowest bond strength, whereas the DW group had the highest values, but these differences were not statistically significant. The formalin group did not differ significantly from the thymol or DW groups, for either storage period. The authors noted that the chemical nature of the storing agent may affect tooth structure and material properties at the interface tested. They suggested that 10% formalin may be an appropriate storage solution for studies investigating adhesion to enamel, which is the most highly mineralized tissue in the human body.
The type of storage solution can significantly affect the preservation of microelastic tissue properties. Raum et al. [11] used quantitative time-resolved scanning acoustic microscopy to evaluate dentin and enamel slabs stored in 3 different solutions for 21 days. They reported that neither Hank's balanced salts solution nor artificial saliva altered the elastic properties of enamel. Storage in saline solution resulted in a progressive reduction in the acoustic impedance in enamel, by up to 8%. They found that chemical dissolution of the mineral phase caused a gradual softening at the surfaces of the specimens. The washout occurred gradually and affected only a thin superficial layer.
Jaffer et al. [8] compared dry storage and storage in 6 different solutions (filtered water, 10% formalin, 1% chloramine T, 10% chloramine T, isotonic saline solution, and 70% ethanol) for 7 months at 4˚C. After bonding and rinsing (with oil-free air and water spray or only oil-free air before bonding), the shear bond strength of bonded orthodontic brackets was assessed. They reported that storing the enamel dry or in ethanol had a negative effect on bond strength and that the samples stored in 10% formalin exhibited statistically significantly higher bond strength. There were no significant differences in bond strength between the other groups in their study. Bovine teeth were used in their study, but notably, Fonseca et al. [20] have reported that human and bovine enamel have similar radio densities. Moreover, bovine enamel may be comparable to human enamel as a substrate for testing bonding [21] . However, human and bovine enamel structures may still differ significantly [8] . Jaffer et al. [8] noted that whether a specimen was rinsed or not rinsed appeared to have little effect on most samples, with the exception of rinsing with formalin. The formalin-rinsed group exhibited the highest bond strength in their study. In our study, the enamel slabs were removed from their storage solutions and dried with oil-free air.
Kitasako et al. [17] noted that changing the storage solution may induce loss of calcium from the dentin. Conversely, in unchanged solutions, equilibrium of calcium ion transfer would be established between the dentin and the storage solutions. They found that there was no statistically significant difference between water and PBS storage solutions with regard to shear bond strength and that the shear bond strength remained significantly higher when unchanged storage solutions were utilized. The solutions were unchanged in our study.
In our study, the Ca content of slabs was not differentially affected by different storage times (p = 0.384), while it was significantly differentially affected by different storage solutions (p < 0.05). There were no significant differences in Ca content between the control group and the other groups (p = 0.214), with the exceptions of the DW-G-45 and AS-45 groups (p < 0.05). Raum et al. [11] have reported that the concentration of calcium ions was too low to balance the absence of phosphate when specimens were stored in sodium chloride. However, in our study, the highest Ca levels were evident in the specimens stored in saline solution.
The mineral content of enamel was significantly affected by storage solutions and storage times for K, Na, and P (p < 0.05); K levels of enamel slabs stored in AS, which has a high K level, increased significantly, and the K level was highest at 45 days (p < 0.05). The Na levels of the specimens in the PBS-F-45, PBS-T-45, and S-45 groups increased significantly (p < 0.05). Significant differences were also elicited by different storage times in buffered solutions (PBS-F and PBS-T), saline solution (S), and artificial saliva (AS) (p < 0.05). These solutions contain a high quantity of Na, the levels of which tended to be reduced by 90 days but were high at 45 days, with exceptions of the AS group.
There were significant differences in P content between the groups (p < 0.05). Although P content was unexpectedly low in most groups, PBS and AS solutions elicited high P levels in the specimens. The P level was highest at 90 days in the AS groups (p < 0.05). Storage solutions did not contain Mg, and Mg levels did not change in any group (p = 0.363).
Titley et al. [12] have reported that when teeth are stored by freezing to maintain their freshness, shear bond strength of resin to dentin is the highest. They stated that if insufficient numbers of teeth are available at one time, freezing teeth in DW as soon as possible after harvesting is the most optimal method of storage. In fact, water is currently the most popular solution used. This storage solution evidently represents a simple and low-cost means of storing teeth [17] .
The difference in elemental content from tooth to tooth and from one region of a tooth to another is a limitation of the current study. The groups were not completely standardized because of this limitation. In conclusion, freshly extracted teeth are the optimal substrate for in vitro tests, as different storage solutions and storage times can result in changes in the mineral content of enamel.
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